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Abstract
Taking into account the ecobiology and the features of nutrition in grapevine, monitoring nutrition is a process with 
a very dynamic balance. Present research assessed the way in which supplementary foliar fertilization with calcium can 
have a positive impact on grape yield, both quantitatively and qualitatively. Were used three foliar fertilizers – Fertitel, 
Cropmax and Waterfert – alone or associated with calcium. As indicators of the nutrition state, were analyzed the leaf 
area and chlorophyll content and as yield elements were evaluated mean yield per vine, mean yield per ha, and dry matter 
content in grapes upon harvesting. The biological material consisted of the “Burgund” grapevine cultivar. According to 
the Anova statistical analysis, trial results point to high statistic ensurance (p<< 0.001, Fcalculated >> Ftheoretical for Alfa = 
0.001). The variation of leaf area was strongly influenced by climatic factors compared with chlorophyll content variation 
which was heavily dependent on fertilizer. Yield per vine and yield per ha have recorded variations depending on climatic 
condition and fertilizer, but were more stable with calcium supplement. Based on the PCA analysis, trial data were 
arranged into two groups (G
1
 with the variants V
2
, V
4
 and V
6
, and G
2
 with the variants V
3
, V5 and V7). The main factor 
generating variation between the two groups was the supplementary treatment with calcium associated to the group G
2
. 
Grouping trial variants based on Euclidean distances were highly safe, the value of the cophenetic coefficient being 0.940.
Keywords: calcium, foliar fertilization, grapevine,quality, vegetation indices, yield.
INTRODUCTION
The importance of soil and also of field 
exposure and microclimate within the concept of 
terroir (Van Leeuwen and Seguin, 2006) is well 
known in the definition of wines. The concept of 
terroir is associated with quality and excellence 
of grape and wine products (Van Leeuwen et al., 
2004; Mouton, 2006; Charters, 2010; Rotaru et 
al., 2010; Cross et al., 2011; Teil, 2012). Soil as a 
complex heterogeneous medium does not always 
have the necessary grapevine nutrients though 
the soil volume explored by its root system is very 
wide (Bassoi et al., 2003; Bauerle et al., 2008). A 
series of factors such as morpho-physiological, 
physical, chemical, and micro-biological – that 
have been largely studied (Barbeau et al., 2001; 
Mackenzie and Christy 2005; Andrés-de-Prado et 
al., 2007; Lambert et al., 2008; Smith et al., 2008; 
Freitas et al., 2011; Felder et al., 2012; Olivier et 
al., 2013) affect water and soil nutrients regime in 
relation to grapevine.
Grapevine has high requirements from the 
nutrient regime, if it is taking into account the 
differentiated distribution of the water and 
nutrients, on grape yield and biomass growth (IFA 
1992). Sometimes, unbalanced physico-chemical 
composition or soil moisture deficit (on the 
background of unfavorable climatic conditions), 
the grapevine-soil relationship can be unbalanced, 
and this needs correction measures. Numerous studies and researches have monitored the 
grapevine-soil relationship and the opportunity 
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to correct the vine nutrition status through 
fertilization (Neilsen et al. 1989; Jackson and 
Lombard 1993; Spayd et al. 1994; Wade et al. 2004; 
Colapietra and Alexander 2006; Sala and Blidariu, 
2012; Sala et al., 2013; Blidariu et al., 2013).
The effect of fertilizers applied to the soil 
is sometimes reduced due to of unfavorable 
conditions. Thus, external factors (such as rainfall 
regime) with direct impact on soil features as a 
nutrition medium, influence the nutrient regime 
in grapevine nutrition, which can jeopardizing 
yields and quality. Foliar fertilization is an option, 
that is made more frequently, because of the 
higher efficacy of nutrients applied on the leaves, 
where they are absorbed and used in metabolic 
processes (Wiens and Reynolds 2008; Brataševec 
et al., 2013). On medium to goof fertility soils 
(that ensure an optimum level of the main macro-
elements – N, P, K), foliar fertilization is the way 
of supplementing the other nutrients important 
in grape quality and grape and wine products. 
Supplementing secondary macro-elements 
(particularly Ca and Mg) and microelements, 
or applying other bioactive substances on the 
leaves is very effective. Numerous researches 
have monitored this aspect under different soil 
and climate conditions (Gerasopoulos et al., 1996; 
Basiouny and Basiouny, 2000; Gluhić et al., 2009; 
Koutinas et al., 2010; Šimanský and Ložek 2013).
From this perspective, present research 
assessed the way in which calcium supplement 
through foliar fertilization can have an impact on 
vine yield, both quantitatively and qualitatively.
MATERIALS AND METHODS
This study had main purpose at assessing the 
influence of additional fertilization with calcium, 
through foliar way, on production and quality 
at vines. Research was carried out in Fruit-Vine 
Research Center at the Didac tic Experimental 
Station of the Banat’s University of Agricultural 
Science and Veterinary Medicine of Timișoara, 
Romania. The experiment field was located in 
the plot LL 474, at coordinates 45°78’89’’N and 
21°21’66’’E during 2011-2012 growing seasons.
The soil in the vine experimental plot was 
characterized by a neutral pH in the horizon 
0–20 cm (pH = 6.85) and slightly acidic in the 
horizon 20–40 cm (pH = 6.47). Humus con tent (H) 
amounted to 1.86% in the 0–20 cm horizon and 
1.75% in the 20–40 cm horizon. Total nitro gen 
content (Nt) vas 1.14% and 1.11%, respectively. 
Available phosphorus content was 31.74 ppm 
in the horizon 0–20 cm and 25.15 ppm in the 
horizon 20–40 cm. Available potassium (K) 
content was 168.27 ppm in the 0–20 cm horizon 
and 155.63 ppm in the 20–40 cm horizon. General 
climatic conditions, specific to the trial area, are 
typical to the temperate continental climate with 
Mediterranean influences. During the trial period, 
mean daily temperatures were higher compared 
to the multi-annual means especially between 
May and September (Fig. 1). 
As for the precipitations, there were two 
periods of rainfall deficit compared to the multi-
annual mean: the first interval of rainfall deficit 
was in May-June and first decade of July and the 
second interval of rainfall deficit was in the third 
decade of July and in August-September (Fig. 2).
The biological material was represented by 
“Burgund” grapevine cultivar. Management of 
grapevine nutrition was achieved through foliar 
fertilization with Fertitel, Cropmax and Waterfert 
applied alone (0.5% concentration) and associated 
Fig. 1. Mean temperature during the trial period; T M Ma – multiannual mean temperature; T 2011 – the 
temperature in 2011; T 2012 – the temperature in 2012.
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with CalcioPlus (0.5%). Along with control 
variant given by the soil natural fertility (V
1
), the 
combination of the fertilizers generated six trial 
variants:  V
2
 - Fertitel, V
3
 - Fertitel + CalcioPlus, V
4
 - 
Cropmax, V
5
 - Cropmax + CalcioPlus, V
6
 - Waterfert, 
V
7
 - Waterfert + CalcioPlus. Experimental variants 
were set at random with three repetitions. Foliar 
fertilizers were applied in three treatments, at 
an interval of 15 days, first treatment before 
blooming.
The experimental data of nutrition status 
(leaf area by nondestructive method based on leaf 
dimension; chlorophyll content by nondestructive 
method with portable chlorophyll meter SPAD-502 
Plus, Konica Minolta), vine production and quality 
(sugar content by refractometry), were processed 
through analysis of variance (ANOVA) using the 
mathematical module on EXCEL 2007. Descriptive 
statistics, correlations coefficient (R2), regressions 
analysis, multivariate and PCA analysis were made 
using the PAST software (Hammer et al., 2001). 
The symbol *, ** and *** used in the paper represent 
statistically significance at 99.9% (LSD
0.01%
), 99% 
(LSD
0.1%
) and 95% (LSD
0.5%
) probability level.
RESULTS AND DISCUSSIONS
The influence of foliar fertilization on the 
“Burgund” grapevine cultivar was assessed 
through the prism of some vegetation indices such 
as leaf area and chlorophyll content. Trial values 
in the two parameters point out the differentiated 
response of the grapevine to the grapevine 
assortment and combination of fertilizers. Were 
also noted a variation of the nutrition parameters 
depending on the vegetation conditions during 
the trial period, particularly depending on the 
uneven distribution of the rainfalls (Tab. 1). 
Vegetation parameters (leaf area and chlorophyll 
content) were determined ten days after the 
third treatment, at opposite leaf bunch (20 
leaves for each variant). Leaf area is an eloquent 
indicator of the vegetation and nutrition state in 
grapevine: it oscillated within both trial variants 
and trial periods. Leaf area measured, in 2011, 
between 102.27±1.86 cm2 in control variant (V
1
) 
and 134.90±2.62 cm2 in the variant V
3
 (Fertitel + 
Calcio plus). In 2012, on the background of rainfall 
deficits, the values of this parameter were lower, 
but differentiated between trial variants. In the 
control variant (V
1
), the leaf area was 97.65±1.69 cm2 while the largest leaf area (125.27±1.65 cm2) 
was in the variant V
3
.
Chlorophyll content also varied depending 
on the fertilizers applied, between 30.02±0.65 
and 37.67±0.74 SPAD units in 2011, with a wider 
variation span than in 2012, when it oscillated 
between 30.68±0.67 and 34.59±0.69 SPAD 
units. Through the prism of the two parameters 
analyzed, foliar fertilizers were valorized more 
effectively in 2011, when climate conditions were 
more favorable from the point of view of the 
rainfall regime and of the soil hydric level. The 
comparative analysis of trial results concerning 
the nutrition state in grapevine pointed out a 
positive correlation between the two parameters 
– leaf area and chlorophyll content. The inter-
relation level between the two parameters as an 
expression of the grapevine nutrition state as 
correlation coefficient was R2 = 0.968 (p<0.01) in 
2011 and R2 = 0.949 (p<0.01) in 2012, as shown in 
Figure 3 below.
The values of leaf area and chlorophyll 
content could be found in the yield and quality 
elements of the “Burgund” grapevine cultivar. 
Fig. 2. Rainfalls distribution during the trial period; PM Ma – multiannual mean rainfall; P 2011 – rainfall in 
2011; P2012 – rainfall in 2012.
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Differentiated state of nutrition in the grapevine 
by foliar fertilization and expressed as vegetation 
parameters, has influenced grapevine yield both 
quantitatively and qualitatively. The influence 
level was assessed through mean productivity 
per vine, mean yield per ha, and sugar content in 
grapes as a quality element (Tab. 2).
Mean values of productivity in 2011 ranged 
between 1.94 kg/vine in the control variant (V
1
) 
and 2.97*** kg/vine in the variant V
3
 (Fertitel 
+ Ca). In 2012, the less favorable vegetation 
conditions (because of the rainfall deficit) caused 
lower valorization of foliar fertilization. Mean 
productivity per trial variants ranged between 
1.75 kg/vine in the control variant (V
1
) and 2.35** 
kg/vine in the variant fertilized with Fertitel in 
association with calcium (V
3
). The values of mean 
productivity in the trial variants reflected in the 
grape yield per area unit, which ranged between 
8.46 t ha-1 in the control variant (V
1
) and 12.50*** t ha-1 in the variant V
3
 in 2011, and between 8.11 
and 10.42*** t ha-1 in the same trial variants as 
in 2012, respectively (Tab. 2). According to the 
ANOVA statistic analysis, trial results are highly 
statistically ensured p<< 0.01, Fcalculated >> Ftheoretical 
for Alfa = 0.001 (Tab. 3).
They were identified interdependence 
relationships between mean productivity per vine 
and mean yield per area unit, which facilitated 
the establishment of some mathematical function 
for the prediction of yield per ha based on mean 
productivity per vine, highly statistically ensured: 
p< 0.01; R2 = 0.955 for 2011 equation (1), and p< 
0.01; R2 = 0.970 for 2012, equation (2) (Fig. 4).
Tab. 1. Vegetation indices in the “Burgund” grapevine cultivar
Variant
Trial variant Leaf area (cm2) Chlorophyll(SPAD units) Leaf area (cm2) Chlorophyll (SPAD units)
2011 2012
Control V
1
102.27±1.86 30.02±0.65 97.65±1.69 30.68±0.67
Fertitel V
2
129.30±2.12 37.40±0.23 124.77±2.65 33.98±0.39
Fertitel + Ca V
3
134.90±2.62 37.67±0.74 125.27±1.65 34.59±0.69
Cropmax V
4
122.47±2.81 33.44±0.41 116.70±2.04 32.10±1.11
Cropmax + Ca V
5
125.43±1.45 35.18±0.72 121.67±2.33 33.59±0.77
Waterfert V
6
123.47±2.11 33.78±0.88 117.47±1.78 32.68±0.26
Waterfert + Ca V
7
127.13±3.04 34.90±0.15 120.40±3.48 33.75±0.27
V1
V2
V3
V4
V5
V6
V7
100 104 108 112 116 120 124 128 132 136
LA (cmp)
30
31
32
33
34
35
36
37
38
Ch
l (
SP
A
D
)
0.004525x2-0.8278x+67.31
V1
V2
V3
V4
V5
V6
V7
96 100 104 108 112 116 120 124 128
LA (cmp)
30.5
31.0
31.5
32.0
32.5
33.0
33.5
34.0
34.5
Ch
l (
SP
A
D
)
0.004939x2-0.9633x+77.63
a b
Fig. 3. Interdependence relationship between foliar area and chlorophyll content in the ‘Burgund’ grapevine 
cultivar under the influence of foliar fertilization in 2011 (a) and 2012 (b); LA – leaf area; Chl –  
Chlorophyll content.
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55.16054.9578.2 22011 +−= xxy                    (1)
2328.0426.40344.0 22012 ++−= xxy   (2)
Where:
y
2011
 and y
2012
 are the mean yields per ha during 
the trial period;
x is the mean yield per vine;
a, b, c are the coefficients of the trial conditions.
The analysis of the variation and of the 
dispersion degree of the parameters studied, 
pointed out a different response, depending on 
fertilization and environmental conditions.
Of the two parameters of vegetation status 
analyzed, foliar area had a higher diversity 
index than chlorophyll content, but the range of 
variation in the experimental period, was lower. 
Chlorophyll content oscillated largely from one 
trial year to another, with lower values in 2012 
compared with 2011 (Fig. 5). Results show the 
dependence of these parameters by the nutrition 
factors as independent variable within research 
and depending on environmental conditions. 
Chlorophyll content shows it is much more 
dependent on nutrition conditions than foliar area, 
which is more genetically determined. Mean yield 
per vine, and mean yield per ha also recorded a 
variation depending on both, trial variants and 
environmental conditions. Grape quality from the 
perspective of sugar content in must showed a 
wider variation depending on climate conditions 
than on fertilization level during the trial period 
(Fig. 6). Similar research concerning the influence 
of foliar fertilization on quantity and quality in 
different grapevine cultivars can be found in 
Rupp et al. (2002) and Lacroux et al. (2008). El 
Moniem and Abd-Allah (2008) studied the effect 
of the green algae cells extract, as foliar spray, on 
vegetative growth, yield and berries quality of 
superior grapevines and got favorable results in 
foliar area and grape yield correlated with algae extract concentration.
Comparative analysis of the dispersion of trial 
variants depending on vegetation parameters 
and dry matter content point out the influence of 
the climate conditions during the trial period. In 
2011, there was a wider dispersion of the variants 
Tab. 2. Yield and yield quality in the “Burgund” grapevine cultivar under the influence of foliar fertilization
Parameters
Variant
Grape yield per vine
(kg)
Grape yield per ha
(t ha-1)
Sugar 
(g/l)
Grape yield per vine
(kg)
Grape yield per ha
(t ha-1)
Sugar 
(g/l)
2011 2012
Control (Mt) V1 1.94 8.46 190.00±1.20 1.75 8.11 234.87±1.38
Fertitel V2 2.57*** 9.80** 193.02±1.42 2.13* 9.19*** 235.93±1.93
Fertitel + Ca V3 2.97*** 12.50*** 196.20±2.01 2.35** 10.42*** 247.00±1.33
Cropmax V4 2.14 9.28* 194.33±0.58 1.97 8.94** 238.00±1.73
Cropmax + Ca V5 2.39** 9.67** 196.50±1.00 2.19* 9.84*** 253.07±3.46
Waterfert V6 2.27** 9.48* 192.56±1.02 2.16* 9.74*** 241.03±1.49
Waterfert + Ca V7 2.66*** 10.82*** 195.56±1.74 2.27** 10.16*** 258.89±4.14
Limits the significance of 
differences
LSD
5%
 = 0.229
LSD
1%
 = 0.321 
LSD
0.01%
 = 0.454
LSD
5%
 = 0.761
LSD
1%
 = 1.069 
LSD
0.01%
 = 1.509
LSD
5%
 = 0.353
SDL
1%
 = 0.495 
LSD
0.01%
 = 0.699
LSD
5%
 = 0.605
LSD
1%
 = 0.850
LSD
0.01%
 = 1.200
Tab. 3. ANOVA test: Single Factor
Source of Variation SS Df MS F P-value F crit
Between Groups 124318.7 7 17759.81 693.587 5.93E-46 4.257096
Within Groups 1229.075 48 25.60574
Total 125547.7 55
Alfa = 0.001
SALA et al
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depending on foliar area and a lower dispersion 
depending on chlorophyll content and dry matter, 
respectively. In 2012, a year with high rainfall 
deficit, variant dispersion amplitude depending 
on chlorophyll was narrower. It has retained a high 
dispersion of variants depending on leaf area, and 
has grown dispersion according to the dry matter 
content in the grapes.
Principal Component Analysis (PCA) 
facilitated variance assessment within groups and 
between groups of trial data, the orientation and 
grouping of the data depending on trial variants 
and parameters. There was high variance within 
groups in the variant V
7
 (Waterfert + Ca) and 
narrower variance in the variant V
2
 (Fertitel); the 
other variants, including the control variant, had 
a moderate variation. Based on the PCA analysis, 
it was possible variants grouping into two distinct 
groups: a group G
1
 covering the variants V
2
, V
4
 and 
V
6
, and a second group, G
2
, covering the variants V
3
, 
V
5
 and V
7
. The main factor that generated variation 
between the two groups was the supplementary 
treatment with calcium associated to the group 
G
2
 (Fig. 7). The favorable effect of calcium on fruit 
V1
V2
V3
V4
V5
V6
V7
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
yield (kg/vine)
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
yi
el
d 
(t/
ha
)
2.578x2-9.054x+16.55
a 
V1
V2
V3
V4
V5
V6
V7
1.76 1.84 1.92 2.00 2.08 2.16 2.24 2.32 2.40
yield (kg/vine)
7.6
8.0
8.4
8.8
9.2
9.6
10.0
10.4
yi
el
d 
(t/
ha
)
-0.03435x2+4.426x+0.2328
b
Fig. 4. Particular distributions of the interdependence relationships between mean yield per ha and mean yield 
per vine in 2011 (a) and 2012 (b)
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Note: LA011 – leaf area in 2011; LA012 – leaf area in 2012; Chl011 
– chlorophyll content in 2011; Chl012 – chlorophyll content in 
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Note: LA011 - leaf area in 2011; LA012 - leaf area in 2012; Chl011 - 
chlorophyll content in 2011; Chl012 - chlorophyll content in 2012; 
Y/vine011 - yield/vine 2011; Y/vine012 - yield/vine 2012; Y/
ha011 - yield/ha-1 2011; Y/ha012 - yield/ha-1 2012; S011 – sugar 
content 2011; S012 – sugar content 2012.
Fig. 5. The amplitude of variation of vegetation 
parameter, expressed in terms of diversity index
Fig. 6. Multivariate allometry, 95% confidence for 
vegetation parameter and yield
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quality was also studied in kiwi (Basiouny and 
Basiouny, 2000; Koutinas et al., 2010), grapes 
(Raath, 2012), blueberry (Ochmian, 2012), apple 
(Jivan and Sala, 2014).
Multi-parameter analysis of trial data 
facilitated the grouping of the variants based on 
affinity (Euclidean distances) in the generation of 
the analyzed parameter values. The control variant 
holds a separate position because of the low 
values of the parameters generated. The variants 
fertilized are summarized within a large cluster 
with two sub-clusters depending on affinities: 
V
2
, V
4
 and V
6
 within a sub-cluster, and V
3
, V
5
, V
7
 
within the other sub-cluster (Fig. 8). Cophenetic 
coefficient value was 0.940, which makes the 
group obtained based on trial variant similarity 
highly ensured statistically.
Conclusion
Monitoring nutrition through foliar 
fertilization in grapevine (“Burgund” cultivar) 
caused a differentiated variation of the morpho-
physiological and productivity parameters 
depending on fertilization variants. At the same 
time, there was also a variation depending on 
vegetation conditions (particularly climate ones) 
during the trial period.
Leaf area and chlorophyll content as 
parameters of the vegetation state expressed 
grapevine nutrition differently depending on both 
fertilization and climate conditions (variations). 
Sugar content as indicator of grape quality differed 
because of foliar fertilization. The supplementary 
supply of calcium caused, within the same variants, 
a significant increase of sugar content.
G2
G1
Note: Mt – control variant (V
1
); Ft – Fertitel (V
2
); FtCa – Fertitel + CalcioPlus (V
3
); Cm – Cropmax (V
4
); CmCa – Cropmax + CalcioPlus (V
5
); Wf – 
Waterfert (V
6
); WaCa – Waterfert + CalcioPlus (V
7
).
Fig. 7. Variance between groups: orientation and grouping of trial variants depending on the parameters 
measured; group G
1
 – variants without supplementary lime supply; group G
2
 – variants with supplementary  
lime supply.
40
36
32
28
24
20
16
12
8
4
D
ist
an
ce
V2 V4 V6 V3 V5 V7 V1
Note: (V
1
) - control variant; (V
2
) Fertitel; (V
3
) Fertitel + CalcioPlus; 
(V
4
) Cropmax; (V
5
) Cropmax + CalcioPlus; (V
6
) Waterfert; (V
7
) 
Waterfert + CalcioPlus.
Fig. 8. Grouping trial variants within the Euclidean 
distance based on similarity
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Calcium supply plays a significant role in 
both quantity and quality, causing the obvious 
separation of the trial variants into two distinct 
groups through PCA analysis and multivariate 
analysis based on Euclidean distances
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